primarily senses the DNA/RNA hybrid generated at the first step of reverse transcription, while 10 cGAS recognizes dsDNA generated at the next step. We also show that both DDX41 and cGAS are 
7 retroviral reverse transcripts. However, why multiple sensors might be required and their relative 8 importance in in vivo control of retroviral infection is not known. Here we show that DDX41 9 primarily senses the DNA/RNA hybrid generated at the first step of reverse transcription, while 10 cGAS recognizes dsDNA generated at the next step. We also show that both DDX41 and cGAS are innate immune responses, such as type I IFN production, required to control infection. We show 22 here that at least two sensors are needed to initiate a highly effective innate immune response 23 to retroviruses -DDX41, which preferentially senses the RNA/DNA hybrid generated at the first 24 step of retrovirus replication and cGAS, which recognizes double-stranded DNA generated at the 25 2 nd step. Importantly, we demonstrate using mice lacking DDX41 or cGAS, that both sensors are 26 needed for the full antiviral response needed to control in vivo MLV infection. These findings 27 underscore the need for multiple host factors to counteract retroviral infection. 
37
The retrovirus RNA genome is converted by the viral reverse transcriptase (RT) enzyme first 38 to RNA/DNA hybrids using a tRNA to prime DNA synthesis and then to dsDNA. Reverse 39 transcription thus creates potential ligands for host sensors that recognize foreign nucleic acids.
40
Cellular recognition of these retroviral reverse transcripts activates the innate immune response. the nucleus where it induces type [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] 
Results

67
DDX41, IFI203 and cGAS play independent but additive roles in the response to MLV infection. 68 We showed previously that MLV infection caused a rapid increase in IFN RNA levels in murine 69 macrophages that is sensitive to the RT inhibitor ziduvodine and that Trex1 knockdown further 70 increased this response (4, 9). We also showed that depletion of DDX41 Fig. 4A ). In support of this, DNaseI treatment abolished cGAS-mediated 143 pulldown of both the P R /P tRNA -and P R /P U5 -amplifiable products, while DDX41-mediated 144 precipitation of nucleic acid (Fig. 3C , left panel and right panels) was affected to a lesser extent.
145
RNaseA digestion in high salt had no effect on any of the pulldowns. its known increased DNA polymerase activity relative to wild type virus (P R -P tRNA , Fig. 4B ) (27, 29) .
158
The mutation dramatically attenuated reverse transcription detected with the strong-stop (P R -159 P U5 ) primers compared to wild type virus, since these primers detect R-U5 DNA present in (-) and 160 (+) strand strong stop as well as full-length (-) strand DNA; late reverse transcription (P 3'R -P 3'L ) products were also reduced compared to wild type virus (Fig. 4B) suggesting that the sensors used to detect nucleic acid might be cell type-specific (Fig. 5A ). The 186 lack of anti-IFI203-specific antisera prevented us from determining whether its protein levels in 187
BMDMs and BMDCs reflected the RNA levels.
188
To determine whether DDX41 was important for IFN-induction in these cells types, we 189 used mice with a knocked-in floxed DDX41 allele, in which the loxP sites flank exons 7 and 9 (Fig. 190 S4A). We crossed these mice with CMV-Cre mice, but no complete KO pups were generated, been used extensively by us and others to examine MLV infection (4, 5, 7, 9, 34, 35) . The 253 genotyping of the intercrossed mice was carried out subsequent to measuring the virus titers.
254
We thus compared infection levels between mice with total lack of DDX41 due to full knockout 255 of the gene in the specific compartment to mice with only one knockout allele and to mice with 256 no knockout of DDX41 (Fig. S6B ).
257
Mice with complete knockout of DDX41 in DCs showed 5-fold higher infection than either 258 wild type mice or mice heterozygous for the DDX41 knockout allele in this cell type (Fig. 6 ). cGas 259 KO mice were also more infected, also to about 5-fold higher levels than wild type mice and the 260 level of infection was the same as the CD11cCre-DDX41 mice (Fig. 6 ). In contrast, Sting gt/gt mice 261 were most highly infected with MLV, about 10-fold higher than wild type mice (Fig. 6) overnight incubation at 65°C with 5M NaCl. The eluted nucleic acid was purified using the DNeasy 460 Kit (Qiagen) and analyzed with RT-PCR strong stop primers (primers P R and P U5 in Fig. 3A ) or 3'LTR 461 primers P 3'R -P 3'L in Fig. 4A ) (4). For analysis of the tRNA-bound MLV nucleic acid, the same 462 procedure was used, except the eluted nucleic acid was reverse transcribed prior to PCR with the 463 P R primer and another primer that annealed to nt 39-57 in tRNA pro (P tRNA in Fig. 3A 
